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Abstract
Grizzly bears (Ursus arctos horribilis) are currently listed as threatened under the
Endangered Species Act. Their status makes it crucial to understand the population status and
trends of grizzly bears in Western Montana. The question we aimed to answer was: How many
adult female grizzlies were there in Montana Fish, Wildlife, and Parks (FWP) Region 2 during
2021? To answer this, we conducted an estimate of adult female grizzly bears in Montana Fish,
Wildlife and Parks Region 2 in 2021 using photos and confirmed reports. Our study focused on
females because they are readily identifiable and are an important indicator of the population’s
current and future health, especially females with cubs. Additionally, reports of females with
cubs are always recorded by FWP, but reports of male bears are usually not recorded unless there
is a conflict. We used confirmed reports, incidental video recordings and photos to estimate the
population and examine how this compares with other similar studies. This area is especially
crucial to study because Region 2 contains fragments of 3 out of the 6 recovery zones in the
lower 48. Our goals were to 1) assess the current number of female grizzlies in Region 2; 2)
determine whether the population is increasing, decreasing, or stable; and 3) determine whether
the use of human reports and camera footage is a reliable technique to estimate the abundance of
a population. Based on previous surveys, we hypothesized that there are about 139 female
grizzlies in Montana FWP region 2. However, we knew our estimate was likely to underestimate
the actual number of grizzlies as a result of individuals that were not seen or reported during
2021, so we predicted that our actual estimate would likely be fewer than 139. Ultimately, we
estimated 29 distinct adult female grizzly bears in Montana FWP region 2, significantly below
our hypothesis. While it is possible that grizzly population numbers are declining, our low
estimate is likely, at least in part, due to us being unable to account for every single adult female
grizzly bear.

Introduction
As the largest carnivore in the lower 48, grizzly bears play a crucial role in the ecosystem
and it is important to conserve their population. Studies on the current population of grizzly bears
in Montana are necessary because recent data on the current grizzly bear abundance in Montana
is limited. Additionally, as grizzly bears are currently listed as threatened under the ESA, they
continue to face many threats. The most pressing threats include habitat fragmentation, hunting,
and human-bear conflicts. These conflicts contribute to their status as threatened since bears are
often euthanized when conflicts arise (Proctor et al. 2018). Four percent of grizzly bears are
killed by humans each year, making it the number one cause of mortality, so it’s essential to keep
track of the population numbers and the number of bear mortalities and conflicts (Kendall et al.
2009).
Habitat fragmentation continues to be a major threat to grizzly bears in Montana and the
continental US. Although their US range once spanned from the west coast to the Midwest, they
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were extirpated from 98% of their US range (Mattson et al. 1995). There are now only 6 small,
distinct, geographically isolated populations confined to Montana, Wyoming, Idaho, and
Washington due to human-caused mortality (Mattson and Merrill 2002).
Climate change is another major threat to both black and grizzly bears. There is robust
data showing multiple ways in which climate change negatively affects black bears, so it’s likely
that grizzly bears will be affected in similar ways, especially since grizzlies are already
threatened and have a much smaller range. One study on black bears in east Ontario concluded
that almost 95% of the bears denned when the average minimum temperature 3 days before den
entry ranged from -6 to 6 C (r = 0.55); and 59% denned when minimum temperatures were
between -2 and 2 C, showing that denning and temperature are likely correlated (Kolenosky and
Strathearn 1987). Unsurprisingly, grizzly bear hibernation times are affected by climate as well.
However, grizzly den entry was shown to be more correlated with berry availability (which is
influenced by climate) rather than temperature, but den emergence was correlated with
temperature (Pigeon et al. 2016). If climate change affects hibernation schedules, it leads to
increased conflicts and lower cub fitness (Pigeon et al. 2016). Research also suggests that
temperature plays a role in a bear’s activity level. Rain, snow, and temperatures above 25°C or
below 0°C substantially reduced the activity level in black bears in the Great Smoky Mountains,
so it is possible that it could have a similar effect on grizzly bears, since both bear species seem
to be similarly affected by climate in other ways (Garshelis and Pelton 1980).
Furthermore, climate change affects food availability. For example, the grizzly bears in
Yellowstone feed extensively on whitebark pine, which is declining due to climate change, so
they will likely experience food insecurity (Mattson et al. 2002). In turn, low natural food
availability causes both black and grizzly bears to wander into human-inhabited areas for food
when natural food is low, which can cause conflicts and increase bear mortalities (Baruch-Mordo
et al. 2014). In Idaho, Beecham (1983) determined that climate change also impacted black
bears’ habitat availability due to the lack of food in certain areas, such as berries (Beecham
1983). If climate change affects habitat use in black bears, it is likely affecting grizzly bears too,
since they also eat berries and we already know that their food availability is being hindered by
climate change.
Cub survival, which we also examined in our study, is important to consider. Cub
survival rate was estimated to be about .84 in one study, but the study noted that this number was
unusually high (McLellan 2015). This same study estimated the number of cubs per mother to be
1.82. Another study in Alberta estimated cub survival to be 0.79 ( Boulanger and Stenhouse
2014). This study claimed that adult female grizzly bears produce, on average, 0.48 cubs per
year, so this is helpful information in estimating the number of female grizzlies that may have
gone unaccounted for due to not having cubs and being unreported and/or their sex being
unconfirmed.
Due to the many issues that are negatively affecting grizzly bear populations and their
threatened status, it is of high importance to monitor the population closely. There has not been
any recent assessment of grizzly bear populations in western Montana. A study in 2003
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estimated the grizzly bear population to be 278 in the Bitterroot ecosystem, in the southern part
of region 2 (Boyce and Waller 2003). However, this estimate was based on the estimated
carrying capacity rather than surveying the number of actual bears, so this carrying capacity may
or may not be representative of the actual number of bears in the area.
A study in 2009 that used hair snares and confirmed sightings estimated 765 grizzly bears
in northwest Montana (Kendall et al. 2009). Approximately half of those were females with
young (Kendall et al. 2009). It seems surprising and hard to believe that half of all bears are
females with young, but it is possible that female bears with cubs are reported and seen more
than adult male bears, just like with our study. This, along with the fact that female bears
(especially those with cubs) are an important indicator of population health and the future of the
population, is the rationale for us to focus our study on female bears. However, it is important to
note that this estimate was for the entire grizzly bear population in northwest Montana which is
larger than Region 2. It is also possible that the population could have increased or decreased
since then. They also mentioned that 4% of grizzly bears were killed by humans each year,
further underscoring the importance of frequent studies to monitor the population (Kendal et. al.
2009).
Graves (2012) claimed that the grizzly bear population was increasing in Montana, but
did not elaborate further or give exact numbers. We find this surprising because grizzlies were
recently relisted as threatened. It is possible that this study was correct and the grizzly bear
population was increasing until around 2012 and has since decreased. This study mentioned
several factors, such as vehicle collisions and habitat loss, that negatively affect the grizzly bear
population. This is another reason it is vital to understand grizzly bear population dynamics to
inform policy decisions regarding hunting, roads, and land use.
A study conducted in 1995 also used camera photos and reports and had a similar
methodology. It stated that female grizzly bears, particularly females with cubs of the year, had
the smallest home ranges of all grizzly bears- about 231 square km (15.19 km in diameter)
(Knight et al. 1995). This is helpful information in distinguishing grizzly bear families. This also
is encouraging as it shows that studies assessing grizzly bear population using camera traps
rather than hair snares is possible.
It is important to consider how other animals in the region interact with grizzly bears.
Other carnivores may serve as competition for grizzly bears. There is evidence that black bears
compete with grizzly bears for food in areas where they are both found, and they partition land in
such a way in which grizzlies are more likely to be found in older forests with spruce and white
bark pine, while black bears were more likely to be found in middle aged forests with an
understory (Apps 2006). This study was done in British Columbia, but like Region 2, it was in an
area where both black and grizzly bears can be found. This suggests that although you can find
both black and grizzly bears in Region 2, it is unlikely you will find them both in the same
location at the same time. This land partitioning and competition could have an effect on the
grizzly bear population.
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Since grizzly bears are more carnivorous than black bears and prey on ungulates, it is also
important to consider how ungulate populations affect the grizzly bear population. A study
suggested that as ungulates declined in the Greater Yellowstone Ecosystem due to brucellosis,
the percent of fat on female grizzly bears decreased slightly, but the study could not confirm that
the loss of ungulates was the reason for this reduction in body fat, or that it had an effect on
survival (Schwartz 2014).
There were an estimated 278 bears in the area in 2003 (Boyce and Waller 2003), and
another study estimated that about half of all reported bears were females with cubs (Kendall et
al. 2009). Based on this information, we hypothesized that we would estimate a population of
139 or slightly fewer adult female bears. Since there is conflicting evidence as to whether the
population is increasing or decreasing, we write this hypothesis assuming that the population has
been relatively stable since 2003.

Study Site
Our data was collected in Region 2 of Montana FWP, which ranges from west-central to
Northwest Montana and contains Missoula (Figure 1). Region 2 contains 7% of the land in
Montana- about 6.58 million acres (Montana FWP 2021). The Western Montana area contains a
combination of mountains, mesic forest, and willows. It also contains other mammals that may
either compete with or serve as prey for grizzly bears such as black bears (Ursus americanus),
wolves (Canis lupus), mountain lions (Puma concolor), coyotes (Canis latrans), elk (Cervus
elaphus), moose (Alces alces), white-tailed deer (Odocoileus virginianus), and mule deer (O.
hemionus) (DeCasere 2014). Because this region contains 3 out of the 6 recovery areas in the
lower 48, it is crucial to understand grizzly bear population health in this area.

Methods
We conducted an estimate of the number of adult female grizzly bears in Region 2 during
2021. We first took into account the number of bears that were collared or tagged. For bears that
were not collared or tagged, we used a combination of photos/videos and confirmed reports to
estimate the number of female grizzly bears. A confirmed report is defined as 1) a bear or track
or other evidence that was seen by an FWP official themself; 2) a report that comes with a photo
or track in which the majority of FWP officials agree that it is a grizzly bear, or 3) grizzly bear
activity is confirmed by DNA testing. Unconfirmed grizzly bear reports that may have been
black bears were not considered. Bears outside of Region 2 that were not seen within region 2
during 2021 were not considered. Only bears that were confirmed to be female and/or were seen
with cubs were counted. A bear’s age is difficult to identify without tooth samples, so we defined
an adult as a bear that had dispersed from its mother (typically around age 2). Bears that are
technically subadults may be counted if they have dispersed from their mother and are confirmed
to be female, but cubs and yearlings who are still with their mother were not counted, even if
their sex was confirmed. We only considered photos and videos if the bear was identified and
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known to be female, if you could clearly see from the video that she was a female, or if she had
cubs. If a bear’s sex was unknown, we did not consider them in our count. We identified
individuals as best we could based on location, the number of cubs, and appearance (if camera
videos or photos were available).
To distinguish one bear from another using photos and videos, we took into account
color, markings, location, facial features, number of cubs, and other identifiable features to help
us distinguish one bear from another. Both FWP bear manager Jamie Jonkel and I reviewed
photos and data points together to identify and distinguish individuals. If photos were ambiguous
and we were unable to determine if two photos showed the same bear or not, and they were
within 20km from each other, we counted them as the same bear to avoid overestimation.
Location was also an important tool in determining whether two or more reports or
camera photos of bears are one bear or multiple. Bears (especially females with young) typically
only occupy an area with a diameter of 15 km. Thus, we added 5km of buffer area since it is
possible for a bear to occupy a wider range, and we determined that bears that are seen more than
20 km away from each other would be counted as two distinct bears, even if they appeared
similar in appearance or had the same number of cubs. However, it is possible for a bear to travel
more than 20 km, so we decided to take this on a case by case basis and make exceptions if there
was overwhelming evidence that it was a single bear rather than two that was seen at two
locations that were over 20 km apart. For bears that were reported or captured on camera within
20 km, we counted them as the same bear unless we had other evidence suggesting that there are
two separate female bears (difference in appearance, different amount or age of cubs, known
individuals, etc.). Additionally, since Western Montana contains 4 distinct geographically
isolated grizzly bear populations- Northern Continental Divide, Greater Yellowstone, Cabinet
Yaak, and Bitterroot- we could confidently say that grizzly bears reported or seen in footage in
one of these ecosystems are distinct from the bears seen or reported in other ecosystems (Arha
and Emmerich 2011). A map of these distinct ecosystems is depicted in figure 2.
We entered data of reports and sightings into Google spreadsheets, including the date,
GPS point, event description, number of bears, and whether or not it was a confirmed report.
GPS plots of each report were entered into Google Earth. We used Google Earth to measure
distances between each point to help determine if they were within 20km from each other. Then,
we examined photos to aid in identification of individuals. Each bear was assigned a number for
easy reference and identification. Linear regression tests in R studio were used to test whether
there were more reports and/or fewer bears in more human-dense areas.

Results
Abundance and Location
Using 110 confirmed reports and 8 photos, we identified at least 29 distinct adult female
grizzlies in region 2. Of these, 28 were adults that had at least one young, the other was a
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subadult female who was no longer with her mom. Cubs ranged in age from 0-2 years and
ranged in number from 1-3 offspring per adult. This gave us a total of at least 54 young.
There was only one confirmed collared/tagged adult female grizzly bear in 2021. There
was another who was collared the year before, but she dropped her collar so we cannot confirm
that she is still alive and still within region 2 during 2021. Thus, this bear was not included in our
estimate.
A map of all 29 grizzly bear locations is depicted in Figure 3, and a table summarizing
the locations of each bear and the number and age of her cubs is depicted in Figure 4.
Most bears were easy to identify because they were either more than 20km away from
other families, they had a different number of offspring, and/or their offspring were a different
age than other bears in the area. However, one exception to this was in the Helmville area.
Within a span of 28 km, there were 36 reports of grizzly bears with two cubs of the year. Because
it spanned more than 20 km (but less than 40), it was counted as two family groups (Bears 19
and 20), but it is entirely possible that there are more than two bears accounting for these reports.
It is also possible, but unlikely, that it is just one bear with an extremely large range. Not all
reports of sightings/tracks/grizzly related events came with photos, and most of the photos we
had did not show any obvious defining features that would allow us to confirm for certain
whether these are the same bear, two distinct bears, or more than two bears. FWP Region 2 bear
biologist Jonkel has said that locals in the southern portion of this 28km range believe that there
are two bears that come around that part of the area (meaning there could actually be 3 bears
with two cubs of the year within 28km of each other), but we were not able to confirm this.
Another example of this is Bears 10 and 11. Bear 10 is in the Ovando area and Bear 11 is
in the Lincoln/Deerpark area and they are 29km away from each other, so we strongly believe
that these are two distinct bears. However, there were two reports that were 15 and 11km away
from Bears 10 and 11, respectively. Jonkel believes both of these reports are Bear 10, but it is
possible that they are Bear 11 or a different bear entirely.
There were 6 reports of a bear with two yearlings all within 20km also in the Helmville
area, one of them being at Jonkel’s cabin (Bear 29). Jonkel does not believe that the bear at his
cabin was the same as the other 5 reports of bears with two yearlings (Bear 5), so they are
classified as being two distinct families.
A 30th female grizzly bear with 2 cubs of the year was reported near the east fork of the
Bitterroot River (Bear 9), but FWP was unable to confirm the sighting, so it is not considered in
our count. If the report had been confirmed, we would have been able to say that there were at
least 30 female grizzlies in the region because this sighting is over 20km away from other
reports, but since it is unconfirmed, it will remain at 29.
However, if it is true that adult female grizzlies produce 0.48 cubs per year on average,
this means that there actually may possibly be up to 67 adult female grizzlies since there were at
least 32 cubs of the year.
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Distribution
It’s important to consider that human population can also affect both the distribution of
bears and the number of reports. It appears as though more populous areas have more reports, but
fewer grizzlies (Figure 5). There appears to be a slight positive trendline when comparing human
population to confirmed reports, and a negative trendline when comparing population to actual
bears (figure 6). However, when we tested the population compared to the number of reports
using a linear regression, we came up with a p value of 0.3805 and an r-squared of .08631,
implying that there was no statistically significant correlation. The population compared to the
number of confirmed bears yielded a p-value of 0.4759 and r-squared value of 0.05794, which
also failed to find a statistically significant correlation.

Survival
54 offspring who had not yet dispersed from their mother were confirmed. Of these, 32
were cubs of the year, 16 were yearlings, and 6 were two year olds. Assuming that there were a
similar number of births in 2020 as there were in 2021, the one year survival rate for cubs of the
year looks to be about 50%. The average number of cubs of the year per female was 1.88, while
the average number of yearlings per mother was 2 (1.92 offspring on average overall). Yearling
survival could not be determined because many two year olds had already dispersed from their
mother, and adult survival could not be determined due to limitations of the study duration and
the unknown age of the adult bears.

Discussion
We were able to identify at least 29 adult female grizzlies in Montana Fish, Wildlife, and
Parks region 2. However, if it is true that adult female grizzlies produce 0.48 cubs per year on
average, this means that there actually may possibly be up to 67 adult female grizzlies since there
were at least 32 cubs of the year. This estimate, even after adjusting for some of the bears we
missed, is still far below our hypothesis of 139. We fail to support our hypothesis. If our estimate
is accurate, it would mean that grizzly bears in the area have declined by nearly 80% in the past
18 years, which leads us to believe our estimate is a gross underestimate. While it is possible that
grizzly bear populations have declined somewhat since other studies were conducted, it is also
entirely possible that there are actually closer to 139 female grizzlies in the area, but we just were
not able to confirm or identify all of the bears in the region.
There were several limitations to our study. We likely missed bears in our count due to a
multitude of reasons. For example, there were unconfirmed reports (such as the case in the report
at the east fork of the Bitterroot) where it is quite likely that the person really did see a female
grizzly, but it wasn’t included in our count because it was not officially confirmed. Since not all
adult female bears have young, many may have gone uncounted because their sex could not be
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confirmed. This is why we used the number of cubs as a tool to try to estimate how many adult
female grizzlies we had missed. Another reason why some bears may have gone unreported is
that there are several areas in the region with low human density, and so even though there may
be bears there, they might not have gotten seen, photographed, collared, or reported at all. Our
analysis showed that more populous towns typically had more reports and fewer confirmed
bears, on average, but failed to show a statistically significant correlation.
Another problem we ran into was ambiguous or missing photos. Not all events and
sightings that were reported came with photos, many of the photos were stolen during the course
of the study, and the photos that we did have often did not show any defining characteristics that
would allow us to definitively determine whether the photos showed the same bear or multiple
different bears. This made it difficult to identify the bears and often required us to classify bears
based only on location and number/age of cubs. There was a lot of room for error and we could
easily have misidentified one bear as multiple or multiple bears as one. The latter is more likely
because we used conservative estimates and counted several reports as a single bear when in
doubt to avoid overestimation.
It is important to note that there are no hard and fast rules in nature and exceptions and
anomalies are always possible. While we determined from previous research that most females
with cubs occupy a 15km range, we did see several cases of two distinct bears overlapping in
their range, so there could be cases in which we misidentified two or more bears as one due to
them having the same number and age of cubs and being within 20km of each other, especially
when clear photos were not available. It may be possible for a bear to travel over 20km, so there
is a possibility that what we thought were two bears because they were more than 20km apart are
actually the same bear that occupied a large range.
Lastly, we cannot completely discount the possibility that a bear lost one or more of her
cubs during the course of the year and was misidentified as two different bears due to having a
different number of cubs than she did in previous sightings, but there were no known cases of
this.
While we did our best to distinguish bears from each other, identify their sex, and account
for every single bear, all these factors likely affected the accuracy of our results and lead us to
end up with an underestimate of the actual number of bears. We don’t know the magnitude by
which the true count was underestimated. Because of these limitations, our study cannot confirm
whether the number of grizzly bears in the region is increasing, decreasing, or stable. However,
we believe we can confidently say that our estimate represents the minimum possible number of
bears in the area, which is useful from a management perspective because it establishes that there
is a viable population of reproductive female grizzly bears in the area. If this were not the case,
grizzly bears in this area may not receive ESA protection and effort would be put into recovering
other areas or taxa instead.
We estimated a survival rate of about 50% for spring cubs, which is slightly lower than
other studies and should be examined further. If our estimate is accurate, it is concerning that
more cubs are not surviving their first year. However, we cannot confirm this, since we do not
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know for certain how many cubs were born in 2020. It’s also possible that people may have
mistaken a cub for a yearling or vice versa. Knowing cub survival rate and the abundance of cubs
and female grizzlies is especially vital for assessing the future of the species here in west-central
Montana, so we believe further, more extensive studies are warranted.

Management implications
Our study could not confirm whether the population was increasing or decreasing, only
that there are at least 29 adult female grizzlies and 54 young. More extensive studies using
intentional camera traps, hair snares, mark/recapture, and/or repeating this same analysis over
several years are likely needed to more accurately assess the population and trends.
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Tables and Figures

Figure 1: A map of all FWP districts in Montana (source: fwp.mt.gov). Region 2 covers 7% of the state,
about 6.58 million acres.

Figure 2: a map of all grizzly bear ecosystems in the lower 48 (biologicaldiversity.org). The historical
range of grizzly bears has been drastically reduced since European colonization. There are six recovery
areas in the contiguous U.S.
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Figure 3: A map of the locations of all 29 adult female grizzly bears using Google Earth Pro software.

Figure 4: A table summarizing the locations of each bear, plus number and age of cubs. (COY= cubs of
the year)
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Figure 5: Human population of each city compared with the number of reports and the number of actual
confirmed bears. Note: one bear’s range expanded through both Helmville and Ovando so is counted
twice in this table. All population numbers were obtained from the U.S. Census Bureau.

Figure 6: Scatterplots showing the relationship between population and confirmed reports (left) and
population and actual bears (right).
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